L
OW BIRTH WEIGHT HAS BEEN associated with cardiovascular disease and type 2 diabetes later in life, 1 but other studies showed that growth patterns in infancy and childhood might have more effect. 2, 3 Catch-up growth in the first year of life is associated with determinants of cardiovascular disease and type 2 diabetes, [4] [5] [6] while other studies showed that poor growth in early life and catch-up growth after age 2 years is related to an increased risk to develop cardiovascular events later in life. 3, 7 Data on the relationship between growth in early life and a broad cardiovascular and type 2 diabetes risk profile are scarce. In addition, the relationship between the tempo of early life growth and cardiovascular and metabolic risk in early adulthood is hardly investigated.
We conducted an observational study using longitudinal data collected in the Programming Factors for Growth and Metabolism (PROGRAM) study of 217 healthy participants, aged 18 to 24 years, to investigate which period in the first year of life is associated with determinants for cardiovascular disease and type 2 diabetes in early adulthood. The first year of life was divided into 4 periods of 3 months and changes in growth during these periods were related to the outcome measures of percentage of body fat, body mass index (calculated as weight in kilograms di-vided by height in meters squared), fat distribution, insulin sensitivity, lipid levels, and systolic blood pressure, which were measured between August 2004 and September 2007 at Erasmus Medical Center (Rotterdam, the Netherlands). In a subgroup of 87 young adults who experienced rapid weight gain during the first year of life (SD Ͼ0.67), we additionally investigated whether tempo of weight gain was associated with these determinants of metabolic and cardiovascular diseases later in life.
METHODS

Study Participants
The total study population consisted of 323 healthy young adults. Participants, who were registered in several hospitals because of their small size at birth (birth length Ͻ−2 SDs) 8 and normal stature as young adults (n=92) or normal size at birth and short stature as young adults (adult height Ͻ−2 SDs) 9 (n=60), were randomly selected for this study. In addition, 34 young adults who were small at birth and had short stature were included. Healthy young adults (neither small at birth nor having short adult stature) from schools with different educational levels also were randomly asked to participate (n = 137). This design was purposely chosen because it increased the contrast in growth patterns and thus increased the statistical power to find a relationship between early growth patterns and determinants of cardiovascular disease and type 2 diabetes. FIGURE 1 shows how many young adults were invited and how many were included in the study. The participation rate was 84.1%. Only whites born singleton at 36 weeks of gestation or longer were invited to participate to exclude a potential influence of ethnicity, parity, and prematurity. All included young adults had an uncomplicated neonatal period without severe asphyxia (defined as an Apgar score Ͻ3 after 5 minutes) and did not have sepsis or long-term complications of respiratory ventilation, such as bronchopulmonary dysplasia.
Individuals were excluded if they (1) had any serious condition or disorder, (2) were receiving any treatment known to interfere with growth (eg, growth hormone deficiency, severe chronic illness, emotional deprivation, growth hormone treatment, treatment with glucocorticosteriods, radiotherapy), or (3) had endocrine or metabolic disorders, chromosomal defects, syndromes, or serious dysmorphic symptoms suggestive of a yet unknown syndrome. Birth data and childhood growth data were obtained from hospital records, primary health care center records, and general practitioner records.
The medical ethics committee of Erasmus Medical Center approved the study. Written informed consent was obtained from all participants.
Of the 323 study participants, data on first-year growth were available for 217 young adults. There were no significant differences in clinical characteristics with regard to birth length, birth weight, adult height, and adult weight between the young adults with first-year growth data and the ones without it. Of the 217 young adults with first-year growth data, 84 were small at birth (of whom 9 had short adult stature) and 129 had a normal size at birth (of whom 41 had short adult stature). Weight and height at the ages of 3, 6, 9, and 12 months had been prospectively measured at primary health care centers or hospitals. These data were collected during the study period (August 2004-September 2007) from the records of the health care centers and hospitals. Some centers and hospitals did not store records for 25 years, therefore data were missing for 106 young adults.
Measurements
Participants were invited to visit Erasmus Medical Center and were reimbursed for travel expenses. Prior to the taking of measurements, participants fasted for 12 hours and abstained from smoking and drinking alcohol for 16 hours. All anthropometric measurements were performed twice and the mean value was used for the analysis.
Lean body mass and fat mass were measured on 1 dual-energy x-ray absorptiometry machine (Lunar Prodigy, GE Healthcare, Chalfont St Giles, England). Insulin sensitivity index, acute insulin response to glucose, and the disposition index (the product of insulin sensitivity and acute insulin response [10] [11] [12] with tolbutamide. 13 Blood pressure was measured after 10 minutes at rest, in the sitting position, using the nondominant arm with an automatic device (Accutorr Plus, Datascope Corp, Montvale, New Jersey) every 5 minutes for 1 hour and the mean value of these 13 measurements was taken to reflect resting blood pressure.
Laboratory Methods
Blood samples were drawn to determine serum lipid levels. The assays have been previously described in detail. 14, 15 Briefly, plasma glucose levels were determined on a VITROS analyzer 750 (Ortho-Clinical Diagnostics, Johnson & Johnson Company, Beerse, Belgium) and plasma insulin levels were measured using an immunoradiometric assay (Medgenix Diagnostics, Fleunes, Belgium). Total cholesterol level and total glucose level were measured using the C H O D -P A P a n d t h e G P O -P A P reagent kit (Roche Diagnostics, Mannheim, Germany). High-density lipoprotein (HDL) cholesterol level was measured using a homogeneous enzymatic colorimetric assay (Roche Diagnostics). Low-density lipoprotein (LDL) cholesterol level was calculated using the Friedewald formula: LDL cholesterol level in mmol/L = total cholesterol level − HDL cholesterol level − 0.45 ϫ level of triglycerides. Apolipoprotein A-I and apolipoprotein B were determined by rate of nephelometry on the Image Immunochemistry System (Beckman Coulter, Mijdrecht, the Netherlands) according to the manufacturer's instructions.
Statistical Analysis
The SD scores for birth length, birth weight, and first-year growth were calculated to correct for gestational age and sex. 8, 9 The SD scores for adult height and adult weight also were calculated to correct for sex and age. 9 All SD scores were calculated using the growth analyzer program (http://www.growthanalyser.org).
Multiple linear regression analyses were performed to investigate the association between weight gain per each 3 months in the first year of life and several determinants in the 217 young adults. The four 3-month periods were analyzed separately from each other. Adjustments were made for gestational age, sex, age, and socioeconomic status. To investigate the association between weight gain and the outcome variables independently of height, adjustments were made for height growth during the same 3-month period. A sample size of 217 study participants achieved 80% power to detect an R 2 of 0.03 attributed to 1 independent variable using an F test with an ␣ level of .05. The variables tested were adjusted for an additional 5 independent variables (gestational age, sex, age, socioeconomic status, and height growth in the same 3-month period). The goodness of fit of the models was assessed by studying the behavior of the residuals and by looking for outliers. When residuals deviated from homogeneity, outcome variables were log transformed. This applied to body mass index, insulin sensitivity, acute insulin response, disposition index, total cholesterol level, LDL cholesterol level, HDL cholesterol level, ratio of total cholesterol to HDL cholesterol, apolipoprotein B, ratio of apolipoprotein B to apolipoprotein A-I, and level of triglycerides.
Additionally, the total study group was divided into 2 groups, irrespective of birth length or birth weight, one with rapid weight gain during the first year of life and one without it (Figure 1 ). Rapid weight gain was Abbreviation: CI, confidence interval. a All associations were corrected for gestational age, sex, age, socioeconomic status, and height growth in the same period. A negative ␤ score means that when 1 SD in weight is gained, for example, insulin sensitivity reduces with 0.223 (log-transformed) unit at 0 to 3 months. A positive ␤ score means that when 1 SD in weight is gained from 0 to 3 months, for example, waist circumference increases with 1.4 cm in early adulthood. b Calculated as weight in kilograms divided by height in meters squared. c Indicates log-transformed variables.
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©2009 American Medical Association. All rights reserved. defined as an SD score of more than 0.67 of weight gain in the first year of life because SD scores of 0.67 represent the width of each percentile band on standard growth charts (second to ninth percentile, ninth to 25th percentile, etc). 16 Of the group with firstyear rapid weight gain, 2 subgroups were formed based on rapid (SD Ն0.5) or slow (SD Ͻ0.5) weight gain during the first 3 months. A cutoff SD score of 0.5 was chosen because clinicians can easily detect an SD score change of 0.5 on a growth chart.
Differences in clinical characteristics between the 2 subgroups were determined by an independent t test. Differences in determinants of cardiovascular disease and type 2 diabetes between these 2 subgroups were determined by regression analyses, with corrections for first-year height growth to investigate the association between weight gain and the vari-
. The SPSS statistical package version 15.0 (SPSS Inc, Chicago, Illinois) was used for the analyses. All statistical tests were performed 2-sided and results were regarded as statistically significant if the P value was less than .05.
RESULTS
The clinical characteristics of the study population are shown in TABLE 1. The mean (SD) age in early adulthood was 20.8 (1.67) years.
Weight Gain in the First Year of Life and Determinants of Cardiovascular Disease and Type 2 Diabetes in Early Adulthood
Associations between first-year weight gain and several determinants of cardiovascular disease and type 2 diabetes in early adulthood are shown in TABLE 2. Adjustments were made for gestational age, sex, age, socioeconomic status, and SD score for height growth in the similar 3-month period. Height growth was adjusted for to investigate the association between weight gain and the outcome variables independently of height growth. Weight gain in the first 3 months of life had an inverse FIRST-YEAR GROWTH AND CARDIOVASCULAR, METABOLIC RISK association with insulin sensitivity and HDL cholesterol levels in early adulthood. Positive associations were found between weight gain in the first 3 months of life and waist circumference, acute insulin response, ratio of total cholesterol to HDL cholesterol, and levels of triglycerides in early adulthood. Weight gain from 3 to 6 months was only positively related to acute insulin response. The other 3-month periods in the first year of life showed no significant associations. The proportion of explained variance of the models was 3.5% to 43%. The same analyses were performed without adjustment for height growth in the 3-month period, which showed similar results.
To investigate whether the associations between weight gain in the first 3 months and determinants of cardiovascular disease and type 2 diabetes were explained by fat mass in early adulthood, an additional adjustment was performed for percentage of body The study population consisted of a relatively large sample of young adults born small for gestational age and young adults with short adult stature. Therefore, birth length and adult height also were adjusted for to eliminate the effect of selection bias. Similar results were found because weight gain in the first 3 months also was inversely related to insulin sensitivity (␤, −0.216; 95% CI, −0.381 to −0.051) and HDL cholesterol level (␤, −0.056; 95% CI, −0.093 to −0.018), and positively associated with ratio of total cholesterol to HDL cholesterol (␤, 0.053; 95% CI, 0.011 to 0.095), and acute insulin response (␤, 0.185; 95% CI, 0.002 to 0.368).
Whether differences in body mass index per 3 months were associated with the determinants of cardiovascular disease and type 2 diabetes in early adulthood also was investigated. These associations were similar as the .67 c SI conversion factors: To convert apolipoprotein A-I and B to g/L, multiply by 0.01; cholesterol to mmol/L, multiply by 0.0259; glucose to mmol/L, multiply by 0.0555; triglycerides to mmol/L, multiply by 0.0113. a All young adults had a first-year weight gain of more than 0.67 SDs. They were divided into 2 subgroups based on rapid (Ͼ0.5 SDs) or slow (Ͻ0.5 SDs) weight gain in the first 3 months. b Calculated as weight in kilograms divided by height in meters squared. c After correction for gestational age, sex, age, standard errors, and growth in height during the first year.
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Tempo of Weight Gain in the First Year of Life and Determinants of Cardiovascular Disease and Type 2 Diabetes in Early Adulthood
To assess if tempo of weight gain was associated with determinants of cardiovascular disease and type 2 diabetes in early adulthood, subgroups were formed based on rapid or slow weight gain in the first 3 months of life. Of all young adults with a clinically relevant weight gain of at least 0.67 SDs in the first year of life, some had a weight gain of more than 0.5 SDs in the first 3 months (rapid growth, n = 65), while others had a weight gain in the first 3 months of less than 0.5 SDs (slow growth, n=22). The clinical characteristics of these 2 subgroups are shown in TABLE 3. The SD scores for birth length and birth weight were not significantly different between the subgroups. First-year growth patterns and the SD scores for adult height, weight, and weight minus height are shown in FIGURE 2. Both subgroups attained a similar adult height SD score. However, the rapid growth group attained a nonsignificantly higher adult weight SD score than the slow growth group (mean difference, 0.50; 95% CI, −0.05 to 1.06; FIGURE 3). When weight for height was expressed as weight SD minus height SD, the rapid growth group had more weight gain than height growth in the first 3 months, while the slow growth group had more height growth than weight gain (mean difference, 0.94; 95% CI, 0.38 to 1.50).
The rapid growth group had a significantly higher percentage of body fat (␤, 6.00; 95% CI, 1.77 to 10.24), a greater waist circumference (␤, 6.19; 95% CI, 0.67 to 11.71), a higher ratio of trunk fat to total fat (␤, 0.029; 95% CI, 0.001 to 0.056), and a reduced insulin sensitivity (␤, −0.69; 95% CI, −0.02 to 1.38) in early adulthood than the slow growth group after adjustment for gestational age, sex, age, socioeconomic status, and height growth in the first year of life (Table 3) . After adjustment for adult percentage of body fat, the difference in waist circumference (␤, 0.96; 95% CI, −3.27 to 5.19), fat distribution (␤, 0.014; 95% CI, −0.013 to 0.041), and insulin sensitivity (␤, −0.297; 95% CI, −0.954 to 0.360) between the 2 subgroups disappeared. This indicates that percentage of body fat explained the differences in these variables between the 2 subgroups. Adjustment for birth weight SD and birth length SD did not change the results.
COMMENT
Our study shows that increased weight gain relative to height growth in the first 3 months of life is associated with reduced insulin sensitivity and serum HDL cholesterol level, and an increased waist circumference, acute insulin response, ratio of total cholesterol to HDL cholesterol, and serum level of triglycerides in early adulthood. These are all important determinants of cardiovascular disease and type 2 diabetes later in life. Even after adjustment for adult percentage of body fat, the associations with insulin sensitivity, HDL cholesterol level, and ratio of total cholesterol to HDL cholesterol remained significant. A subgroup analysis showed that of all young adults with first-year rapid weight gain (Ͼ0.67 SDs), those with rapid weight gain in the first 3 months of life had a higher percentage of body fat, more central adiposity, and reduced insulin sensitivity in early adulthood than those with slower growth. Percentage of body fat explained the differences in central adiposity and insulin sensitivity in early adulthood between the 2 subgroups.
Low birth weight has previously been associated with an increased risk of cardiovascular disease and type 2 diabetes later in life. [17] [18] [19] Although this was initially thought to be due to an unfavorable fetal environment, 1 other studies reported that postnatal catch-up growth influenced the risk as well. [4] [5] [6] [20] [21] [22] Our study shows that increased weight gain in the first 3 months of life is significantly associated with several determinants for cardiovascular disease and type 2 diabetes in early adulthood. Of all young adults born small for gestational age, 90% experience catch-up growth in the first 2 years of life. 23 We previously showed that young adults with catch-up growth between birth and adulthood had a higher risk for cardiovascular disease or type 2 diabetes, while young adults born small for gestational age without catch-up growth did not have an increased risk. 14, 15, 24 This indicates that having a low birth weight for gestational age is not directly related with an unfavorable cardiovascular and metabolic profile, but increased weight gain during early childhood is.
To investigate whether tempo of weight gain is associated with cardiovascular or metabolic determinants, we performed a subgroup analysis based on rapid or slow weight gain in the first 3 months of life for all young adults with first-year rapid weight gain. Of the participants who showed postnatal weight gain in the first year of life, those with rapid weight gain during the first 3 months had a higher percentage of body fat, more central adiposity, and reduced insulin sensitivity in early adulthood, while both subgroups reached a similar adult height. The rapid weight gain group was fatter in early adulthood and this explained the difference in central adiposity and insulin sensitivity. Therefore, it is important to investigate which factors deter- FIRST-YEAR GROWTH AND CARDIOVASCULAR, METABOLIC RISK mine weight gain in early life because this might lead to intervention strategies to prevent cardiovascular events later in life.
Currently it is unclear whether epigenetic factors are involved. Early nutrition might be a major factor. Generally, nutrient-enriched diets lead to rapid weight gain in early life, and subsequently have adverse effects on cardiovascular risk factors later in life. 4, 25, 26 Also, formula-fed infants grow at a faster rate than breast-fed infants and have a higher risk of being overweight later in life. 27, 28 Unfortunately, our study did not have nutritional data to investigate the relationship between early nutrition, growth in infancy, and cardiovascular determinants later in life. Nevertheless, our findings suggest that the use of nutrient-enriched formulas, which induce rapid weight gain in early life, might increase the risk for cardiovascular disease and type 2 diabetes later in life. 25 Nutritional intervention, like initiating breastfeeding during the first 3 months of life, might decrease the prevalence of cardiovascular disease and type 2 diabetes.
In this study, the association between early weight gain and several determinants was investigated, but other periods in life might be important as well. As shown in reports of the Helsinki Birth Cohort Study, young adults with slow weight gain from birth to 2 years followed by catch-up in weight during childhood also had an increased risk for the development of cardiovascular disease and type 2 diabetes. 3, 29, 30 Similar results have been found in a cohort study in India. 31 These study participants experienced growth retardation in weight in early life before they showed catch-up growth in weight during childhood. This might indicate that excessive weight gain after a period of growth retardation, either intrauterine or in early life, increases the risk for the development of cardiovascular disease and type 2 diabetes later in life. Our study suggests that the tempo of weight gain might be more relevant than the timing. This merits further study of factors influencing tempo of growth.
Our study population consisted of a relatively large sample of young adults born small for gestational age. We have deliberately chosen this design because the wider range of birth size created greater contrast in the study population, which contributed to a better statistical model in which relationships between various factors (first-year growth and determinants of cardiovascular disease and type 2 diabetes) could be detected with more statistical power. To eliminate potential selection bias, adjustments were made for the selection criteria of birth length and adult height but these results were similar to the unadjusted findings.
Nevertheless, the findings in this study need to be confirmed in population-based cohort studies with standardized early life measurements. Such studies also should investigate associations with parental factors, such as inheritance of cardiovascular disease, and maternal health factors during pregnancy, because these factors were not available in this study and might provide further insight into which factors are associated with birth size, first-year growth, and the increased risk for developing cardiovascular disease and type 2 diabetes later in life. This study assessed an extensive set of determinants of cardiovascular disease and type 2 diabetes later in life, but this also led to a relatively high number of comparisons. Therefore, in 5% of the comparisons, false-positive associations might be found (type I error). However, significant associations were found in more than 5% of the comparisons.
In conclusion, rapid weight gain in the first 3 months of life is associated with an unfavorable cardiovascular and metabolic profile in early adulthood. Furthermore, rapid weight gain in the first 3 months of life is more detrimental than slow weight gain. More studies are required to investigate which factors determine rapid weight gain in early infancy because those results might lead to interventions that could decrease the risk for development of cardiovascular disease and type 2 diabetes later in life.
